A study was conducted to investigate the effect of dietary supplementation of an organic acid, a probiotic or a prebiotic alone or the prebiotic combined with the organic acid or the probiotic on the performance and slaughter characteristics of broiler chickens fed a maize-soya based diet. The six dietary treatments were: a basal diet (negative control) and diets containing 0.5 g mannan oligosaccharide/kg (prebiotic), or 1.0 g formic acid/kg (organic acid), or a probiotic at 0.5 g/kg, or 0.5 g prebiotic/kg + 1.0 g organic acid/kg, or 0.5 g prebiotic/kg + 0.5 g probiotic/kg feed. Each treatment consisted of eight pens with 50 birds per pen (25 male + 25 female). All dietary supplements, alone and in combination improved live weight significantly at both 21 and 42 days of age compared with the control. However, combinations of the prebiotic with either the organic acid or the probiotic had no additive benefit at 21 and 42 days of age in comparison with the prebiotic alone. The feed intake of the birds was significantly increased with prebiotic supplementation at day 21, but not at day 42. Organic acid significantly improved feed conversion ratio at day 21. The combination of prebiotic and probiotic significantly improved the feed conversion ratio at both 21 and 42 days in comparison with the control. At days 21 and 42 bird mortality was significantly higher in the treatments containing organic acid and organic acid with the prebiotic. In the female birds no slaughter traits were affected by dietary treatments. However, liver weight as a percentage of live weight in the male birds was significantly lowered with prebiotic and probiotic supplementation. Prebiotic supplementation with organic acid resulted in a significantly lower weight of the small intestines compared with the control. In general, the different feed additive regimens that include the prebiotic, probiotic, organic acid, prebiotic with organic acid and prebiotic with probiotic improved the growth rate of the birds significantly compared to the control treatment. The significant improvement in feed conversion ratio when the prebiotic and probiotic were supplemented together suggests a synergism between them.
Introduction
Feed additive antibiotics have been used as growth promoters for more then 50 years in the feed industry all over the world. The mode of action of antibiotics is the suppressing of the detrimental effect of pathogenic bacteria in the gut. Since the proposed total ban on sub-therapeutic feed antibiotics, products such as prebiotics, organic acids and probiotics are receiving considerable attention in animal nutrition because of their non-residual and non-resistant properties (Mellor, 2000; Gill, 2001; Hertrampf, 2001; Kocher, 2005; Plail, 2006) . The beneficial effects on protein and energy digestibility and also on immune stimulation of these additives have been demonstrated in detail in previous studies. Probiotics (Vanbella et al., 1990; Jin et al., 1998) and prebiotics (Shane, 2001; Ferket, 2004) act as growth promoters feed savers, nutritional bioregulators, immune stimulators and help in improving performance and health.
Feed organic acids suppress the growth of certain species of bacteria, particularly acid-intolerant species such as E. coli, Salmonella spp. and Campylobacter ssp. (Ricke, 2003; Dibner, 2004; Lückstadt, 2005) . Their principal role is to lower and stabilize the pH in the stomach and intestines so that the gut environment is too acidic for normal bacterial growth. Additionally, they improve protein digestion in young animals by stimulating pancreatic enzyme secretion. Thus, dietary organic acids suppress the growth of pathogenic bacteria, encourage the growth of beneficial microflora and ensure that the digestive enzymes function at maximal capacity (Broek, 2000; Mellor, 2000; Dibner & Winter, 2002; Ricke, 2003; Best, 2004; Dibner, 2004) .
Prebiotics are defined as non-digestive feed ingredients that beneficially affect the host by selectively stimulating the growth and/or activity of one or a limited number of bacterial species already resident in the digestive tract. The prebiotic, mannan oligosaccharide (MOS), is a carbohydrate, derived from yeast cell walls, and can block pathogenic bacterial proliferation and stimulate the non-specific immune system; thus tending to improve the health and growth performance of birds (Hertampf, 2001; Iji et al., 2001; Shane, 2001; Ferket, 2004; Kocher, 2005) . Probiotics are pure cultures of one or more live microorganisms given orally. They proliferate in the gastrointestinal tract (GI) of the host and ensure that the bird maintains a beneficial microbial population in the GI tract by limiting the damage caused by pathogenic bacteria, reinforcing intestinal mucosal integrity and creating a positive balance of digestive microflora. Improved epithelial cell integrity, increased immune response, well balanced gut microflora, better utilisation and digestion of diet are also additive beneficial effects of dietary probiotics (Vanbella et al., 1990; Jin et al., 2000; Wenk, 2000; Panda et al., 2001; Linge, 2005) .
The beneficial effects of the dietary supplementation of organic acids (Skinner et al., 1991; Denli et al., 2003; Alçiçek et al., 2004; Şenköylü et al., 2005) , prebiotics (Kumprecht et al., 1997; Sims & Sefton, 1999; Hooge et al., 2003 , Hooge, 2004 Bozkurt et al., 2005) and probiotics (Yeo & Kim, 1997; Cavozzoni et al., 1998; Jin et al., 1998; Abdulrahim et al., 1999; Alçiçek et al., 2004 , Molnár et al., 2005 on broiler performance are well documented. However, there is lack of information on the combined supplementing of prebiotics and organic acids, and prebiotics and probiotics as performance enhancer feed additives. A prebiotic preparation (MOS) has been shown to interfere with the use of antibiotics in diets of broilers (Waldroup et al., 2003a) , whereas no benefit has been found relating response of broiler live performance to dietary added MOS in the presence of a probiotic (Hofacre et al., 2003) . On the other hand Hooge et al. (2003) reported that MOS alone supported live performance equivalent to antibiotic growth promoters but showed an additive effect when combined with antibiotics. Therefore, the objective of the present study was to examine the performance and some slaughter characteristics of broiler chickens fed an experimental diet containing a prebiotic, an organic acid or a probiotic, and also the prebiotic in combination with either the organic acid or the probiotic. Since limited evidence is available on the potential of combining prebiotics with favourable antibiotic alternatives, the objective of this trial was not only to demonstrate the effectiveness of individual supplements, but also to find the most effective synergistic combination of these products.
Materials and Methods
Two thousand and four hundred sexed day-old broiler chicks (Ross 308) were divided into six treatment groups of 400 birds each and randomly assigned to six treatment diets. The six dietary treatments were: 1. Basal diet (negative control); 2. PRE (prebiotic); basal diet with the prebiotic, mannan oligosaccharide, (Nutri-Mos ® , Lesaffre) at 0.5 g/kg diet; 3. ORA (organic acid); basal diet with the organic acid, formic acid, (BASF) at 1.0 g/kg diet; 4. PRO (probiotic); basal diet with the probiotic consisting of a combined preparation of live microorganisms including Lactobacillus acidophilus, Lactobacillus casei, Enterococcus faecium and Bifidobacterim bifidum (Primalac ® Star*labs) at 0.5 g/kg diet; 5. PRE+ORA (prebiotic+organic acid); basal diet with prebiotic+organic acid (0.5 g/kg diet + 1.0 g/kg diet); 6. PRE+PRO (prebiotic+probiotic); basal diet with prebiotic+probiotic (0.5 g/kg diet + 0.5 g/kg diet). The experimental feed additives were added to basal diet at the expense of sawdust. The ingredients and chemical composition of the diets are presented in Table 1 . The diets were isoenergetic and isonitrogenous and formulated to meet the minimum nutrient requirements of broilers (NRC, 1994) . The diets in mash form and water were provided ad libitum.
The chicks were placed in an open-sided naturally ventilated broiler house and standard management practices were applied. Each treatment group was sub-divided into eight replicates of 50 birds (25 male and 25 female) per replicate and kept in 48 pens (1.4 x 3.0 m) on wood shavings as litter material. A photoperiod of 23 h/d was maintained. The experiment lasted for 42 days, during late September and October of 2004. Each pen was equipped with two hanging feeders, one bell drinker and two infrared lamps. Bird density was 12 chicks per square metre. The ambient temperature in an experimental house was maintained at 32 °C during the first week and gradually decreased by 3 °C in the second and third week and exposed to natural Feed conversion ratio (FCR) was adjusted for weight of chicks at first day and FCR was calculated at the end of the 21-day and 42-day experimental periods. The FCR was calculated as feed consumed per unit of body weight gain and adjusted for mortality. Mortality was recorded daily. At the end of the experiment (at 42 d), 12 male and 12 female birds of similar body weight to the group average of each sex were selected from each treatment group (two males and two females per replicate), weighted and killed by severing of the brancial vein. After evisceration, hot carcasses were weighted immediately to determine the hot carcass yield. The weights of the pancreas, liver without gall bladder, small intestines without content and the abdominal fat pad were recorded individually. The weights of these selected internal organs were expressed as a percentage of preslaughter live weight of the broilers. The standard techniques of the proximate analysis were used to determine the nutrient concentrations in the diets (Naumann & Bassler, 1993) . The experimental diets were also analyzed for starch, sugar, total calcium and phosphorus according to methods described by the Association of German Agricultural Analysis and Research Institutes (VDLUFA) (Naumann & Bassler, 1993) . Metabolisable energy content of the diets was calculated based on chemical composition (Anonymous, 1991) . The data obtained from this study were analyzed statistically using the General Linear Models procedure of SAS (1991). Significant differences between treatment means were separated using the Duncan's multiple range test with 5% probability. 
Results and Discussion
The supplemental effects of PRE, ORA, PRO, and PRE in combination with either ORA or PRO on live performance of broiler chickens are shown in Compared to the control, improved growth rates of 4.2 -5.1% were measured during starter period and 1.9 -2.5% for the entire experimental period. These results confirm the growth promoting effect of supplemental organic acids as reported by Skinner et al. (1991) , Alçiçek et al. (2004) , Şenköylü et al. (2005) ; that of prebiotics reported by Kumprecht et al. (1997) , Sims & Sefton (1999) ; Sefton et al. (2002) , Bozkurt et al.(2005) and that of probiotics observed by Cavazzoni et al. (1998) , Jin et al. (1998) , Molnár et al. (2005) . The beneficial effect of organic acids in pig diets has been well documented, but similar responses were inconsistent in studies on broilers. While Skinner et al. (1991) reported that fumaric acid supplementation into diet at the level of 0.125% increased final weight of broiler chickens (P <0.05), no beneficial effect of dietary organic acids on body weight was reported by other investigators (Izat et al., 1990a; Hadorn et al., 2000) . Furthermore, contrary to our findings, Patten & Waldroup (1988) found that the addition of 1.5% calcium formate in broiler diets reduced weight gain. However, organic acids, fed either individually or combined, offer a chemical alternative for growth promoting antibiotics (AGP) as used in poultry diets. This was accepted as a participial AGP alternative, with propionic acid, formic acid and lactic acid as the most effective and universally accepted products (Broek, 2000; Ricke, 2003; Dibner, 2004; Mabbett, 2005) . Strong bactericidal and bacteriostatic effects have been demonstrated for formic acid, the shortest chain organic acid. In fact, apart from their antimicrobial properties, organic acids make a significant contribution to feed hygiene, since they suppress the growth of mould and thus restrict the potentially harmful effects of mycotoxins (McCartney, 2001; Roy et al., 2002 , Lückstädt et al., 2005 . Supplementation of the prebiotic to the diet, either alone or combined with the organic acid or the probiotic, significantly increased body weight compared to the control treatment, though differences between the three prebiotic dietary regimens were not significant. In broilers limited research has been reported on the effect of prebiotics fed in combination with other feed additive. In a recent study, Hofacre et al. (2003) reported that prebiotic (mannan oligosaccharide) supplementation to a diet with or without a probiotic (a lactic acid bacterial preparation) did not improve weight gain, feed conversion ratio or liveability of Waldroup et al. (2003b) found no significant added effect on body weight and feed conversion ratio of broilers when given a prebiotic (mannan oligosaccharide) plus an antibiotic growth promoter (copper sulphate). However, the various studies demonstrated that diets containing prebiotics achieved improved performance in poultry similar to AGP or other performance enhancer feed additives (Savage et al., 1997; Sims & Sefton, 1999; Sefton et al., 2002; Ceylan et al., 2003; Hooge et al., 2003; Bozkurt et al., 2005) . There were differences (P <0.05) in feed intake between the different treatments from 0 to 21 d of age, but not from 0 to 42 d of age (P >0.05). Dietary PRE, PRO and PRE + ORA supplementation to the diet increased feed intake during the first 21 d of the experiment, but this was not maintained for the rest of the study. At 21 d, feed intake of the birds was increased with prebiotic supplementation in comparison with the control (P <0.05), but not at 42 d. Consequently, the voluntary feed intake of the birds given different feed additives were similar (P >0.05) at 42 d of age. Our results are supported by the findings of Izat et al. (1990a; ; Yeo & Kim (1997) and Sims & Sefton (1999) who determined that dietary additions of prebiotic, organic acid and probiotic preparations respectively, did not affect feed intake of broiler chickens.
Improvements in bodyweight gain were reflected to some extent in the feed conversion ratio since the overall experimental treatments improved the feed-to-gain ratio when compared with the control treatment in both starter and the entire experimental periods. During the first 21 days significantly (P <0.05) improved (ca. 4.54%) feed conversion ratios (1.48 and 1.47, respectively) were found in both the ORA and PRE+PRO groups compared with the control treatment (1.54). The dietary combination of PRE with PRO improved (P <0.05) feed conversion ratios at both 21 and 42 days while ORA supplementation alone improved the feed conversion ratio only for the first 21 days of the trial. These results indicate that broilers fed the PRE plus PRO were more efficient at converting feed to body mass during the rearing period. To stimulate the growth of beneficial bacteria in the gut using a prebiotic and probiotic combination was slightly more effective than the other additive programmes in this study. In general, improvements in feed efficiency were attributed to an encouraged growth of the beneficial micro flora in the GIT induced by dietary supplementation of PRE, ORA and PRO. In addition to an antimicrobial activity, a significantly increased intestinal amylase enzyme activity was determined in a recent study when adding L. acidophulus and a mixture of Lactobacilli to the diets (Jin et al., 2000) . Furthermore, (Yeo & Kim, 1997) reported that the improvement in feed efficiency of birds receiving probiotic supplemented diets could be due to decreased urease activity in the GI tract of the broiler chicks.
Even though the mode of action of those feed additives is quite different, particularly their antimicrobial activity, the similar physiologic pattern was probably exerted by modifying intestinal pH, altering the composition and balance of intestinal flora, enhancing nutrient digestibility and improving feed conversion ratio and growth rate. Indeed, the mode of their action differs from one another, but in general they are all considered as bacteriostatic agents. The report of Abdulrahim et al. (1999) can support such a mode of action by demonstrating that dietary supplementation of an antibiotic and probiotic in combination led to superior growth performance on broiler chickens when compared with individual use of these additives. Therefore, the essential beneficial effect of feed additives used in this study might be attributable to their antibacterial properties. In agreement with the results of this study, a series of scientific reports demonstrated that addition of prebiotics (Sims & Sefton, 1999; Shafey et al., 2001; Sefton et al., 2002; Hooge et al., 2003; Hooge, 2004; Bozkurt et al., 2005; Denev et al., 2005) , organic acids (Dibner & Winter, 2002; Alçiçek et al., 2004; Zhang et al., 2005) and probiotics (Yeo & Kim, 1997; Abdulrahim et al., 1999; Jin et al., 1998; Molnár et al., 2005) to the diet resulted in either a numerical or significant improvement in the growth performance of birds, including body weight gain and feed efficiency.
Bird mortality differed (P <0.05) between the treatments at both 21 d and 42 d of age. At both 21 and 42 days of age it was higher (P <0.05) in the organic acid supplementation treatment as well as at 42 days in the prebiotic plus organic acid combination. It is interesting to note that any of the performance enhancer feed additives had no beneficial effect on the liveability of broiler chickens in comparison with the control. However, most of the mechanisms of action of these additives are still only hypotheses and need to be more clearly demonstrated in terms of general health status of chickens. Although overall positive effects were observed with these additives, in the form of better performance in weight gain and feed conversion efficiency, similar responses in liveability of birds were not observed in this study. This agrees with results obtained by Izat et al. (1990b) , Skinner et al. (1991) , Cavazzoni et al. (1998) and Jin et al. (1998) . On the South African Journal of Animal Science 2009, 39 (3) © South African Society for Animal Science 202 other hand, the inhibiting mechanism on pathogenic bacteria by dietary mannan oligosaccharides through the blocking of bacterial adhesion to gut lining, has been widely reported (Oyofo et al., 1989; Spring, 1999; Iji et al., 2001; Shane, 2001; Ferket, 2004) . However, contrasting reports are available on the mortality of birds with respect to dietary mannan oligosaccharide supplementation. While no beneficial effect of mannan oligosaccharide was found on liveability of broilers in several studies (Waldroup et al., 2003 a; Ceylan et al., 2003 , Hooge et al., 2003 Bozkurt et al., 2005) , Hooge (2004) , using a meta-analysis of 44 comparisons, pointed out that mannan oligosaccharide supplementation to diets lowered broiler mortality by 4% compared with unsupplemented controls (4.83%). Similar to the results of our present study, Hofacre et al. (2003) provided evidence that two dietary prebiotic preparations (mannan oligosaccharide and fructo oligosaccharide), organic acid (propionic acid) and probiotic (lactic acid bacterial preparation) were not successful at lowering mortality of birds compared to the control treatment. The effects of the different dietary supplements on relative weight of some internal organs and carcass yield are summarized in Table 3 . These results suggest that the effect of feed additive supplementation on the slaughter traits was related to sex. Carcass traits of female birds were not affected by dietary treatments (P >0.05), while the relative liver and small intestine weights of male birds were affected (P <0.05). Feeding prebiotic and probiotic supplemented diets decreased (P <0.05) relative liver and small intestines weights compared with the control. Well established evidence by Hill et al. (1957) , Visek (1978) , Henry et al. (1986) and Engberg et al. (2000) indicated that dietary inclusion of feed grade antibiotics, given as growth promoters, reduced intestine weight by thinning the intestinal wall evoked particularly by antimicrobial activity in gut lumen. However, a series of reports suggested similar antimicrobial mode of action for prebiotics (Iji et al., 2001; Shane, 2001; Ferket, 2004) , organic acids (Broek, 2000; Dibner, 2004) and probiotics (Vanbella et al., 1990; Yeo & Kim, 1997; Wenk, 2000) . This is in agreement with the findings of Alçiçek et al. (2004) However, definitive data are lacking with respect to effects of dietary organic acids, probiotics and mannan oligosaccharide on the intestinal tissue of poultry in comparison to the well-documented effects of antibiotics. The effects of feed additives used in this study were associated with growth stimulation, enhanced nutrient digestion and absorption, though this enhancement was not converted to carcass yield. Similar observations were reported by Izat et al. (1990b) , Skinner et al. (1991) and Zhang et al. (2005) for organic acids, by Panda et al. (2001) and Alçiçek et al. (2004) for probiotics and by Bozkurt et al. (2005) , Waldroup et al. (2003) for prebiotics. Likewise, Jin et al. (1998) and Bozkurt et al. (2005) found that dietary prebiotic and probiotic supplementation, respectively, did not stimulate the liver weights of broilers. Dietary treatments had no significant effect on abdominal fat pad accumulation in the present study. Similar results were observed by researchers who studied supplementation of prebiotics (Waldroup et al., 2003a; Bozkurt et al, 2005) , organic acids (Izat et al., 1990b; Skinner et al., 1991) and probiotics (Denli et al., 2003; Alçiçek et al., 2004) to broiler diets. Consequently, the slaughter characteristics of both of male and female broilers were not negatively affected by the different feed additive regimens.
Conclusions
Supplementation of broiler diets with a prebiotic, an organic acid and a probiotic significantly increased the body weight gain with slightly improved feed conversion ratios, compared with the unsupplemented control. Combining the prebiotic with either the organic acid or the probiotic did not produce an additive benefit in growth performance of broilers compared with these supplements alone. However, combining strategies of prebiotic with probiotic proved more effective than that of individual use of these additives in terms of feed conversion ratio. In this case, it was shown that a prebiotic preparation is an ideal match with a probiotic preparation to optimise digestion, thus to convert feed to body mass more effectively. Therefore, improvement in feed efficiency derived from use of the prebiotic with probiotic combination, sometimes referred to as 'symbiotic', warrants further investigations.
